Key word talent identification, anthropometry, fitness, relative age effect, maturity accepted after revision Abstr Ac t This study assessed the contribution of relative age, anthropometry, maturation, and physical fitness characteristics on soccer playing position (goalkeeper [GK], central-defender [CD], lateral-defender [LD], central-midfield [CM], lateral-midfielder [LM], and forward [FWD]) for 465 elite-youth players (U13-U18's). U13-14 CD were relatively older than LD and CM (likely small effects). CD and GK were generally taller and heavier (likely small to very-likely moderate effects) than other players at each developmental stage and were advanced maturers at U13-14 (very-likely small to likely moderate effects). GK had inferior agility (very-likely small to likely moderate effects), endurance (very-likely small to likely moderate effects), and sprint capacities (likely small-moderate effects) vs. outfield positions at U13-14, but deficits in anaerobic phenotypes were diminished in U15-16 and U17-18. Position specific fitness characteristics were distinguished at U15-16 (likely small) and U17-18 (likely moderate), where LM were faster than their central counterparts. In summary, relative age, maturation and anthropometric characteristics appear to bias the allocation of players into key defensive roles from an early development stage, whereas position-specific physical attributes do not become apparent until the latter stages of talent development in outfield players. Given the inter-individual trajectories of physical development according to biological maturation, playing position allocation might be considered 'plastic' by selectors, until complete-maturity is achieved.
Introduction
The English Premier League introduced the Elite Player Performance Plan (EPPP) in a bid to increase the number and quality of 'home grown' players graduating from talent identification (TID) programmes in the top 4 tiers of UK professional soccer (English Premier League, Championship, League 1 and League 2) [30] . One of the EPPP directives is to develop co-ordinated service provision of Sports Science and Medicine, and develop national protocols and minimum standards, with particular reference to youth player development. Accordingly, accredited TID centres are required to monitor anthropometric and physical fitness parameters each trimester, in an effort to better track individual players' development trajectories, and to benchmark against a national database [30] .
In addition to periodic player audits of anthropometry and physical fitness, the EPPP mandates systematic recordings of player so-matic maturation status during 'Youth' (U12-U16) and 'Professional' (U17-U21) stages of development [30] , using a cross-validated [2, 3] predictive algorithm that encompasses anthropometric measures (standing height, seated height, and leg length) [25] . This inclusion is warranted on the basis that growth, development and maturation represent consistent risks to the accurate determination of talented young soccer players. Advanced normative growth and maturation related advantages are considered a significant factor -and problem -in the systematic discrimination against players born in the latter months of the selection year, when categorised chronologically into playing groups [7, 11, 16] . This is commonly referred to as the relative age effect (RAE [8, 32] ). In soccer, relatively older players (i. e. born in the first quartile of the selection year) are more often likely to be selected into TID programmes, exposed to more advanced coaching expertise, and be able to access more match-play time [31] as a consequence of having enhanced physical and anthropometrical characteristics; this is also known as the maturation-selection hypothesis [8, 15] . The hypothesis may also account for players' early positional role assignment within TID programmes, particularly when competition and performance is integral [16] . Such biases might threaten the efficacy of talent identification and selection processes, yet to our knowledge the role of relative age and biological maturation in positional role allocation have not been explored in youth soccer.
Previous research has identified that playing positions are often characterised by anthropometric and physical fitness traits in preand circa-adolescent players [12] . For example, players who exhibit superior anthropometric characteristics such as stature (and to a lesser extent body mass) are more likely to be selected for defensive roles (e. g., goalkeeper & central defence) that involve frequent physical duals and aerial contests in both elite [6, 12, 23] and recreational youth soccer. Attacking and midfield players are often characterized by their superior anaerobic [6, 21] and endurance attributes [21] , respectively, whilst goalkeepers demonstrate a distinct fitness profile that manifests as early as the Foundation phase (U5-U11), displaying inferior aerobic, sprint and agility capacities vs. other outfield positions [12] . Though previous studies have identified these biases and may have informed TID processes, drawing broader and accurate inferences is challenging as sample populations have typically represented fewer than 2 soccer development centres [6, 7, 12] , and findings could equally reflect localised playing and developmental philosophies. Moreover, previous research has not distinguished between central and lateral positions in defensive and midfield roles [12, 21, 27] which may mask relevant position-specific differences in player characteristics, and this seems necessary given their distinct activity profiles during matches [9, 10, 13] . Thus, research on a broader scale is warranted to determine the position-specific characteristics of elite-youth players, and to determine whether a transient nature of these influences exists across the stages of the player development pathway.
The aim of this study was to determine the differences in relative age, anthropometry, maturation, and physical fitness attributes associated with positional role allocation throughout the EPPP 'Youth' and 'Professional' phases of development, examining a broad sample of players from English soccer TID centres. Research of this nature is useful to national policy-makers as well as TID practitioners, including professional club TID managers, coaches, selectors, and sport science support staff involved in holistic and long-term player development. We hypothesised that goalkeepers and central defenders would be taller and heavier, particularly in the early stages of the development pathway, and that these advantages would be afforded by a combination of advanced somatic maturation, and an earlier birth date within their selection year. We also theorised that position-specific physical attributes would become apparent in the latter stages of talent development.
Methods

Procedures
In accordance to the ethical standards outlined by IJSM [14] and with institutional ethical approval, data on 465 young elite soccer . A reduced sample of U16 players was expected given that development centres typically de-select players from progressing to the professional stage of development during the latter months of the domestic soccer season. Players under 12 years of age were excluded from the study, having been deemed to have insufficient playing experience to establish a regular playing position in the normative game format (i. e., 11 vs. 11).
In accordance with previous research [12] , players were categorised in to the following positional roles during the 2013-2014 season: goalkeeper (GK, n = 44), central defender (CD, n = 79), lateral defender (LD, n = 81), central midfield (CM, n = 117), lateral midfielder (LM, n = 66), and forward (FWD, n = 78). Players performed a battery of 3 anthropometric and 4 physical fitness assessments that replaced their regular training during that day. Each player was free from injury and had previously been habituated to each separate component of the field test battery during previous periodic assessments of their development. All players wore their usual training attire during the data collection. The sequence of tests was selected based on previously outlined recommendations, with players having anthropometric measures (stature, seated height and body-mass) taken in a rested state followed by physical movement skill tests (vertical counter movement jump, T-test and linear sprints), and finally the test inducing fatigue (Multi-Stage Fitness Test) [1] .
Relative age distribution characteristics
Player decimal age was determined from club records and reported as the day number in which they were born relative to the English soccer selection year (1 st September to August 31 st ) to represent relative age distribution (RAd).
Anthropometrics
Duplicate measures of stature, seated height (seca © 217,Chino, U.S.A), and body mass (seca © robusta 813, Chino, U.S.A) were recorded using previously outlined procedures [29] . If the measurements varied ≥ 0.4 cm or 0.4 kg, a third measure was taken and the median value recorded. Estimated leg length was recorded as stature minus seated height. In combination with anthropometrical measures, decimal age was used to determine player somatic maturity. Predicted age at peak height velocity (aPHV) was calculated using a cross-validated algorithm [2, 3] using somatic components (standing height, seated height, and leg length) and chronological age, with an accuracy of ± 0.24 yr [25] . Taking into account the predictive nature of the anthropometric based algorithm used to determine aPHV, we established the test-retest reliability of all anthropometric measures encompassed in the equation (▶table 1).
cedures outlined previously [29] . Players performed 3 vCMJs interspaced by 3 min passive recovery. If the range of the best three jumps varied ≥ 2 cm, then repeated attempts were performed until this criterion was achieved (up to a maximum of 8). The mean of the highest 3 jumps was used to identify vCMJ height. Sound vCMJ reliability has been established in young elite youth (under 9-18 s) soccer populations [18] .
Agility performance (Brower Timing System, Salt Lake City, Utah, U.S.A) was established using the T-test [28] . Players were instructed to sprint forwards 9.14 m (10 yards), side shuffle left 4.75 m (5 yards) (maintaining a forward facing position), return to the mid-line and repeat for the opposite side of the course before backward running 9.14 m (10 yards) to finish the course. Each player completed the course 4 times (2 × left, 2 × right) interspaced by 3 min passive recovery. The average of the fastest time for each direction was used to determine agility performance.
Using an established method [29] , 3 timed (Brower Timing System, Salt Lake City, Utah, U.S.A) maximal 20 m sprints, interceded by 3 min passive recovery were used to record 10 and 20 m sprint time. Our previous research has shown the test-retest typical error for 10 and 20 m sprint performance to be 0.05 (95 % CI: 0.04-0.06 s) and 0.08 s (95 % CI: 0.07-0.10 s), respectively [20] .
The Multi-Stage Fitness Test (MSFT) assessed endurance capacity, which has been deemed reliable and valid for this purpose [19, 26] and was adapted from a previously outlined methodology [29] . An experienced test administrator acted as pacer to ensure players achieved the correct timings during speeds 6-11 km.h − 1 . The test began thereafter with the speed being increased by 1.0 km.h − 1 every ~1 min until test cessation. Failure to complete the 20 m track in the allotted time for the shuttle resulted in a verbal warning from the test administrator, with test cessation deemed from a subsequent failure. As maximal aerobic speed is underestimated by ~3 km.h − 1 [5] using the MSFT because of the multiple accelerations, decelerations and changes of direction required for 20 m shuttle running, we used total distance covered (m) as the outcome measure for endurance capacity.
Statistics
Linear marginal models and pairwise comparisons were conducted (release 22; SPSS Inc., Chicago, IL, USA) to determine differences in relative age distribution, anthropometric, maturation and physical fitness characteristics according to positional role allocation (GK, CD, LD, CM, LM, FWD). We also examined if these effects were moderated by the stage of development. Chronological playing age groups were aggregated bi-annually (U13-14 [n = 218]; U15-16 [n = 109]; U17-18 [n = 138] to facilitate sufficiently powered contrasts between playing positions, in accordance with pre-vious research [11] . Adjusted effect estimates and sidak-adjusted p-values (for multiple comparisons) were imputed into a customised spreadsheet [17] to derive magnitude-based inferences [4] with 90 % confidence limits used to represent the estimate uncertainty. Standardised thresholds for small, moderate, and large (0.2, 0.6, and 1.2, respectively) position differences were determined from the between-player standard deviation within each bi-annual age group. Mechanistic inferences were qualified as likely (75-95 %), very-likely (95-99.5 %) or most-likely ( > 99.5 %), but classified as unclear where the confidence limits overlapped both positive and negative thresholds by 5 % [4] . Data are presented as the estimated marginal means and associated 95 % confidence intervals.
Results
Relative age distribution characteristics LD and CM were born later in the selection year than their CD counterparts in the U13-14 age group (likely small effects; ▶ table 2), but no differences were observed in U15-16 and U17-18.
Anthropometric characteristics
As displayed in ▶table 2-4, GK and CD were taller vs. all other positions in each bi-annual age group (likely small to very-likely moderate effects), with the only exceptions being unclear differences between GK vs. FWD in U13-14, and CD/GK vs. FWD in U15-16. GK and CD also had greater body mass compared with all other positions at U13-14 (likely small to very-likely moderate effects). LD and LM were leaner than GK and CD in U15-16 chronological age group (likely to very-likely moderate effects). LM remained leaner than both GK (likely moderate effect) and CD (very-likely moderate effect) in U17-18, with LD displaying a similar trend vs. CD (likely small). CM were also moderately leaner than GK and CD at U17-18 (likely effect).
Maturity
GK and CD players were advanced maturers vs. LD, CM, LM (very-likely small to likely moderate effects; see ▶ table 2) in U13-14, and CD were also advanced in comparison to FWD (very-likely small effect). U15-16 CD were also moderately advanced in maturation in comparison to CM and LM (likely effects), with GK displaying a greater estimated aPHV vs. LD (likely moderate effect, see ▶table 3). No between-position differences were identified in U17-18 (▶ Table 4 
Physical fitness characteristics
There were no differences in vCMJ performance owing to playing position across all chronological age groups. GK had inferior T-test performance vs. all outfield positions (very-likely small to likely moderate effects), in the U13-14 chronological age group, but not in U15-16 and U17-18. With the exception of LD, GK also had slower sprint times than all other outfield positions over both 10 and 20 m distances in U13-14 (likely small-moderate effects), but their sprint performance was only inferior to LM in U15-16 (likely small effects over 10 and 20 m) and U17-18 (likely moderate effect for 20 m). LD demonstrated a likely small sprint performance advantage vs. CD at U13-14. LM were faster than CM at U15-16 (likely small effect for 20 m), and both CM and CD at U17-18 (likely moderate effects for both 10 and 20 m). In U17-18, CM were slower than LD (10 m: likely moderate effect; 20 m: likely small effect) and FWD (20 m: likely small effect).
MSFT performance in GK was inferior to CD, LD, CM and LM at U13-14 (very-likely small to likely moderate effects), and to CD, LD and FWD in U15-16 (likely moderate effects), but no differences were observed at U17-18.
Discussion
The aim of this study was to assess and quantify the differences in relative age distribution, anthropometry, maturation status and physical fitness characteristics on positional role allocation in an elite sample of youth soccer players enrolled in multiple development centres in England, spanning U13-18 years of age. A secondary aim was to assess whether these differences were transient and changing across the age-groups of player development. Key findings identified were: 1) At U13-14's, LD and CM were born later in the selection year than CD; 2) At U13-14, GK and CD were advanced maturers, and were taller and heavier vs. other outfield players; 3) GK had inferior endurance, agility and sprint capacities vs. their outfield team-mates at U13-14, but anaerobic phenotypes were inferior to only LM at U15-16 and U17-18; and, 4) At 17-18's, lateral defensive and midfield players were faster sprinters than their centrally positioned counterparts.
Findings here confirm previous research [12, 27] , supporting the general hypothesis that playing positions of elite youth soccer players can be discriminated by anthropometric attributes. GK and CD were generally the tallest and heaviest players, adhering to prior studies [12, 23] , and was a trend that somewhat persisted across the age-groups, particularly vs. those allocated to lateral roles (▶ tables 2-4) . However, the magnitude of the standardised effects (moderate) for between position differences was typically greater than that reported in Belgian elite youth soccer players (small; [6, 12] ). It is unclear whether the greater magnitude of anthropometric differences in the current study is due to cultural differences in talent selection and position allocation policy, or because we uniquely distinguished between lateral and central defenders. Nonetheless, anthropometrical advantages are largely explained by maturation status [11, 20] , and in the U13-14 stage the taller and heavier GK and CD were earlier maturers. This suggests that positional allocation by TID practitioners in soccer centres is clearly being influenced by immediate anthropometrical factors from an early development stage.
The anthropometric advantages afforded to CD positions in this study may also be influenced by their relative age. U13-14 CD were born earlier in their selection year vs. their LD and CM peers (▶table 2). At this developmental stage in the English youth system, the relative age effect on selection is particularly strong [20] , which likely reflects the onset of accelerated growth during puberty in combination with advanced normative growth of the relatively older players [8] . The findings of this study suggest that those fewer relatively younger players selected to representative level squads, tend not to be allocated to CD positions. Whilst Romann et al. [27] found that defenders were born earlier in their selection year vs. other field positions, in this study we did not observe any other between-position differences in relative age, and the current study is the first to distinguish the positional role characteristics of lateral vs. central developmental soccer players. The observation that CD are relatively older, taller, heavier, and advanced in terms of maturation when compared to LD is intuitive, given their tactical and physical differences during match-play. This also reinforces the influence of anthropometric characteristics in talent selection and role allocation, and suggests that future research should distinguish between these defensive roles, particularly when development systems adopt an 11 vs. 11 match-play format. Further longitudinal research is necessary to determine whether positional role allocation varies according to the within-squad rank of players' body size, which likely varies throughout development stages owing to the variability of biological maturation processes.
In this study GK displayed inferior physical performance attributes in relation to most outfield positions. GK endurance performance in particular was lower (small-moderate effects) than most outfield positions at U13-14. A lower endurance capacity reflects the typical activity profile of GK in both matches and training [12] , and is therefore likely to be considered a redundant physical attribute to perform this role at the representative level. An interesting observation was that U13 and U14 GK's were slower sprinters and less agile than players in all other positions (with the exception of LD), yet older GK's from the U15-16 and U17-18 cohorts were inferior only to LM in terms of sprint performance. U13-14 GK were more advanced maturers, which is typically associated with enhanced sprint running performance in youth soccer players [24] , perhaps mediated by neuromuscular function and/or endocrine effects on muscle power during puberty [21] . Despite these maturity-related advantages, GK's were slower at U13-14, which suggests that anthropometric characteristics are stronger determinants of their role allocation, perhaps enabling them to dominate aerial duels and reduce the shot-target available to opposition players. As the inferior sprint performance of developmental GK's was somewhat transient, it is appealing to suggest that GK coaches place greater emphasis on sprinting performance at later stages of the development process, perhaps enabling them to quickly close down the space available to goal-bound attackers. However, the cross-sectional nature of our study renders this speculation, and further longitudinal research is warranted in GK to identify role allocation bias and athletic development priorities.
To our knowledge, this is the first study to demonstrate the physical fitness characteristics of elite youth players in central vs. lateral roles. Whilst few differences were observed between these roles in U13-14, LM were faster sprinters vs. CM at U15-16 (small effect), and the magnitude of this difference was greater at U17-18 (moderate). As this variation was not observed before PHV, it may reflect the development of position-specific physical attributes mirroring the professional match requirements of lateral players [13] , as opposed to a selection phenomenon, but further work is warranted to confirm this hypothesis. The magnitude of sprint capacity differences between laterally-and centrally-orientated roles was greater than that reported in previous research for other outfield positional contrasts [12] , further emphasising the requirement to distinguish between these field positions in future research and national benchmarking schemes. However, consideration of the tactical formations administered by coaches and/or TID systems are warranted (e. g. 4-4-2 vs. 4-3-3), given it is likely to influence positional role allocation.
This study's findings suggest that anthropometric characteristics influence the positional role allocation at the 'Youth' development stage of the EPPP, where GK and CD demonstrated body size advantages afforded by advanced maturation and chronological age. Whilst these advantages might be realized in competitive match-play scenarios involving frequent physical contests and aerial duals, they were not manifest in the physical fitness tests administered in the study. Body size advantages in these key defensive roles generally transcended the developmental stages surveyed, whereas the inferior physical performance capacities of GK (agility, sprinting, and endurance) were transient, and specific performance phenotypes in lateral outfield players emerged in the latter stages of the development process. Whether these trends are borne from position-specific conditioning or selection criteria is a matter for further study, nonetheless, they demonstrate the transitory nature of physical characteristics influenced by the individuals' rate and stage of biological maturation. Hence, TID practitioners should be cautious in positional role allocating due to transient physical characteristics [24] , and instead perhaps prioritize players tactical and technical development via exposure to the range of positional roles, and by engaging in training practices that limit physical contests. The distinct physical attributes of players selected into CD and GK roles from an early stage, might reflect the competitive nature that exists between development centers in the match-play program, and may actually become a barrier to longterm holistic development. With development centers operating within the EPPP obligated to monitor growth and maturation trajectories, findings from this study suggest that centres can reduce the impact of physicality upon positional role allocation. To add and support, awareness and education regarding biological development bias maybe warranted for TID practitioners.
The cross-sectional nature of our experimental design limits the generalisability of conclusions drawn. That said we accept this limitation considerate of the broad representative sample of youth soccer players, which we could draw from in the study. While our analysis was confined to examining positioning allocation in relation to somatic and physical fitness characteristics, it is probable that other factors contribute, and may also be more or less important at different development stages. Technical and perceptual-cognitive attributes also likely contribute to positional allocation by TID coaches/selectors. Lastly, we recognise that the longitudinal accuracy of the maturation estimation procedure adopted in our study has been questioned [12, 22] , on the basis that the pre-dicted aPHV increases with chronological age (as observed in ▶ table 2-4). Accordingly we acknowledge that the maturation offset technique used in the present study likely overestimated the aPHV for players over the age of 16. However, the purpose of this study was to examine positional role differences in somatic maturation within development stages, which somewhat attenuates the confounding influence of chronological age on the aPHV prediction. Nonetheless, practitioners should be cognisant of the limitations that confound the accurate estimation of aPHV when administering talent development and selection processes.
Conclusion
Findings identified that irrespective of chronological age group, specific anthropometrical attributes characterised playing positions in English elite youth soccer development programmes, with relatively older, maturer, taller, heavier, players being predominantly selected for GK and CD roles. Distinguishing characteristics of defensive and midfield players allocated to either central or lateral positions, also revealed position-specific differences in physical fitness attributes in the latter stages of development programmes. Trends suggested that transient body size advantages conferred by relative age and maturation status may influence positional role allocation in existing youth soccer programmes. Since physical development trajectories are individual-specific and moderated by biological maturation, the EPPP mandate to audit them may assist coaches and selectors in adopting a 'plastic' approach to positional role assignment until complete maturity is achieved.
